The system emits a chirp signal at 2-16 kHz providing shallow penetration images of the 154 seafloor with a resolution of 6-10 cm. Two missions (M447 and M448) covered ∼150 km 155 of the seafloor from ∼20 km seaward of the 2009 ice front across the seaward slope, crest 156 and backslope of Jenkins Ridge and into the ice-shelf cavity (Fig. 1a) . A bandpass Butter-157 worth filter with lower and upper cut-offs of 1000 and 3500 kHz respectively was applied 158 to the data to remove high-frequency noise. A vertical correction was applied to account 159 for the AUV's flying height. Water depths and sediment thickness were calculated by con-160 verting the two-way travel time to meters using acoustic velocities of 1459 m s -1 for water 161 and 1500 m s -1 for soft unconsolidated sediment respectively. We provide an error margin 162 of ±3% for estimates of sediment thickness as recommended by LysÃě et al. [2010] . 169 Geomorphological features were mapped from bathymetric DEMs in ArcGIS v.10.1. 170 Confidential manuscript submitted to JGR-Earth Surface following the methods of Smith and Clark [2005] . To further aid mapping, subtle geo-172 morphological features were accentuated using a surface-detrending algorithm that fitted 173 a polynomial to the original DEM using a 30 m kernel window to produce a smoothed 174 surface, which was then subtracted from the original DEM [Hurst et al., 2012] . Three-175 dimensional surfaces were produced and visualized in Schlumberger Petrel™seismic inter-176 pretation software.
Mapping and metrics

177
Linear bedforms were mapped by drawing lines across their crests while azimuths 178 (0-360Âř from grid North) were extracted using GIS tools. Spacing and amplitude of lin-179 ear bedforms were calculated by averaging multiple measurements extracted from cross-180 sectional topographic profiles transverse to bedform crestlines following the method of In this section we describe the seafloor bedforms and sediment properties imaged 184 below PIGIS, respectively, in 2009 and 2014 using the techniques described above. 202 The regional bathymetry of Zone 1 exhibits rugged topography, likely dominated 203 by outcrops of crystalline bedrock that rise in excess of 40 m above intervening smooth, 204 flat-bottomed basins (Figs. 2b, c) . The surfaces of outcrops in profile M433 host parallel 205 lineations 2-10 m in amplitude and up to 1.5 km in length orientated along the trough 206 axis (Fig.3b ). The morphology of these features is consistent with streamlined-bedrock 207 landforms described in offshore-bathymetry datasets in Pine Island Bay and on the inner 208 continental-shelf region of the western Amundsen Sea Embayment [Lowe and Anderson, 209 2002; Graham et al., 2009; Nitsche et al., 2013] . 253 The transition between Zone 1 and 2 is marked by a change in the character of the 254 seafloor acoustics from a rugged interface with some sub-surface structure to an acoustically-255 transparent unit with a diffuse seabed reflector (Fig. 4d ). The seabed within this zone is 256 predominantly smooth with some small-scale lobes or mounds up to ∼3 m in amplitude 257 ( Fig.4e ). and occasionally they appear to cross-cut or converge (Magnified panel in Fig. 3j ).
Seafloor bathymetry
Sub-bottom profiler
272
The surface characterized by lineations that we have just described is overprinted 281 A 20 km section of profiler data from mission M448 trending southwest to north-282 east crossed the crest of Jenkins Ridge (Fig. 4f ). The ridge surface is characterized by an 283 undulating high-amplitude seafloor reflector (Fig. 4f ). Smaller scale ridges with a mean 284 amplitude of 4 m are superimposed on this surface and have a similar cross-sectional pro-285 file to the seabed of survey M434 in Zone 3 ( Fig. 5a ).
Sub-bottom profiler
286
-10-Confidential manuscript submitted to JGR-Earth Surface 323 We interpret a suite of bedforms in Zones 1, 3 and 4 as resulting from subglacial 324 erosion, sediment deposition and meltwater flow beneath grounded ice. Due to their curvi-325 linear cross-sectional profiles, steep-sided channels in Zone 1 (Fig. 3c,d) 3d), which we interpret as glacitectonic rafts [Andreassen et al., 2004; Rüther et al., 2013; 335 Rüther et al., 2016] , are most likely related to a displacing process similar to that which 336 caused the formation of the hill-hole pairs. Because freeze-on is predominantly associated 337 with thin ice (<1 km) close to the glacier margin [Moran et al., 1980; Alley et al., 1997] it 338 is likely that these features were formed when the grounding line was located nearby, and 339 before it became pinned to the crest of Jenkins Ridge. (Table 1) . Although we are unable to determine the lengths of these individual bedforms from our dataset, a bottom reflectors dipping at angles greater than the seabed surface slope are also evident 368 on the landward slope of the largest asymmetric ridge, suggesting a sediment history is 369 preserved in the cavity close to the grounding line ( Fig. 4i ). 370 371 On Jenkins Ridge crest, we interpret the ridges and scours that overprint MSGL 372 (zooms in Fig. 3i ) as forming by sediment squeezing of lightly-grounded ice-shelf keels, , 2007; Gales et al., 2016] . For iceberg keels to be the mechanism of formation 388 here would require the crest of Jenkins Ridge to have been subject to grounding of free 389 floating icebergs at some point since ungrounding of PIGIS in the 1970s. However, re-390 mote sensing imagery shows PIGIS has remained intact throughout this period. We there-fore favor forward ploughing of ice-shelf keels as the most likely mechanism for their for-392 mation. The alignment of scours parallel to the direction of present ice shelf flow also 393 supports this. Terminal berms associated with these scours (zoom in Fig. 3i ) are likely to 394 have been created when ice-shelf keels that were last in contact with the crest of Jenkins 395 Ridge became ungrounded. pressure [Laberg and Vorren, 1996; Vorren and Werner, 1998 ]. Sediment samples obtained 416 from TMF settings typically contain a range of glacigenic sediments, consisting of muddy 417 diamict, sands and gravels often with low shear strength and high water content. These 418 properties reflect sediment delivery by subglacial deformation, ice-rafting and meltwa-419 ter deposition in sediment laden plumes [Kuvaas and Kristoffersen, 1991; Hambrey et al., 420 1992; Laberg and Vorren, 1996; Dowdeswell et al., 2004] . Ice streaming over erodible, 421 soft sedimentary beds has been suggested to be a prerequisite for the formation of TMFs 422 [Ó Cofaigh et al., 2003] . High volumes of sediments suggested by debris flow deposits in 423 Zone 2 therefore indicate the presence of a soft bed upstream of Jenkins Ridge.
Grounded-ice bedforms
Lightly-grounded-ice bedforms
424
The spherical mounds imaged in Zone 2 (Fig. 3k) et al., 2012] and Ross Ice shelves [Jezek and Bentley, 1983; Anandakrishnan 450 et al., 2007] , however they typically have spacings at least an order of magnitude greater 451 than the spacing of corrugations in Zone 3 (Fig. 4i ). Acquisition of multibeam data in this 452 region would enable a better assessment of their morphology and mode of formation. near the continental shelf break [Lien and Rokoengen, 1989; Ship et al., 1999; Shipp et al., 518 2002].
519
The identification of fine-scale features may therefore be primarily a factor of the 520 ability to image the seafloor at sub-metre to metre-scale resolution. We demonstrate this 521 in Figure 6 by conducting a crossover comparison between AUV and ship-based multi- vation of fine-scale bedforms ∼85 km in front of the modern grounding-line (Fig. 6) .
525
Our data indicate there is likely a wealth of detailed information of glacial processes not 526 captured by standard offshore marine geophysical surveys. Recent work by García et al.
527
[2016] using a remotely-operated underwater vehicle also illustrate the level of detail ob- 
